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Molecular Clue to the Mystery of
Carbon’s Cosmic Origin Uncovered
A chemical found in a distant gas cloud could help explain where planets like Earth
get the seeds of life

By Clara Moskowitz on January 11, 2018
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Some 18 percent of the human body’s weight is carbon. The simple element is
considered the backbone of life, and is also abundant in Earth’s rocks,
atmosphere and oceans. Scientists don’t know how carbon first appeared on
our planet, but now astronomers have discovered a special molecule in space
that could help trace this essential element back to its source.
Researchers using the Green Bank Telescope in West Virginia identified
signatures of the molecule benzonitrile (C6H5CN) in a mass of gas and dust
called the Taurus Molecular Cloud 1, which lies 430 light-years from Earth. The
heart of benzonitrile is a six-carbon hexagon called benzene—a structure that
puts the compound in the “aromatic” class of molecules and makes benzonitrile
a building block for a group called polycyclic aromatic hydrocarbons (PAHs),
which contain lots of carbon hexagons. Scientists think PAHs are incredibly
common in the universe, yet astronomers have not identified a single such
molecule in space. This new observation is the closest they have come. “This
study shows you have the first steps of PAHs, these first rings of benzene,” says
Xander Tielens, an astrochemist at Leiden University in the Netherlands who
was not involved in the research. “Then you can grow to bigger and bigger
species. Understanding where these molecules come from and understanding
what role they play in the inventory of space is a key goal of astronomy.” The
findings were published today in Science and presented at a meeting of the
American Astronomical Society in Washington, D.C.
© Scientific American
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ABSTRACT

The sheer interstellar abundance of helium makes any bound molecules or complexes containing it of potential interest for astrophysical observation. This work utilizes high-level and
trusted quantum chemical techniques to predict the rotational, vibrational and rovibrational
traits of HeHHe+ , HeHNe+ and HeHAr+ . The first two are shown to be strongly bound, while
HeHAr+ is shown to be more of a van der Waals complex of argonium with a helium atom.
In any case, the formation of HeHHe+ through reactions of HeH+ with HeH3 + is exothermic.
HeHHe+ exhibits the quintessentially bright proton-shuttle motion present in all proton-bound
complexes in the 7.4 micron range making it a possible target for telescopic observation at
the mid-/far-Infrared crossover point and a possible tracer for the as-of-yet unobserved helium
hydride cation. Furthermore, a similar mode in HeHNe+ can be observed to the blue of this
close to 6.9 microns. The brightest mode of HeHAr+ is dimmed due the reduced interaction of
the helium atom with the central proton, but this fundamental frequency can be found slightly
to the red of the Ar–H stretch in the astrophysically detected argonium cation.
Key words: astrochemistry – molecular data – molecular processes – ISM: molecules – infrared: ISM – radio lines: ISM.
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1 I N T RO D U C T I O N
Helium and hydrogen make up nearly all of the observable matter
in the Universe leaving chemists to squabble over the remaining
scraps. These scraps are what compose the planets, our bodies and
most other things engineered by human beings. Nearly all other
processes depend upon atoms much more interesting than the first
two on the periodic table. Even so, helium and hydrogen can engage
in chemistry with one another almost certainly combining to make
HeH+ (Hogness & Lunn 1925). This cation should be produced in
detectable amounts if for no other reason than the sheer abundance
of the constituents in the interstellar medium (ISM; Roberge &
Dalgarno 1982). However, such an interstellar observation of this
diatomic cation has yet to be reported in the literature. It was the
analogous ArH+ that has been observed towards various astronomical sources(Barlow et al. 2013; Roueff, Alekseyev & Bourlot 2014;
Schilke et al. 2014; Neufeld & Wolfire 2016) making the argonium and not helonium (helium hydride) cation the first noble gas
molecule detected in nature. The smaller and more abundant helium
and even neon hydride cations have not been observed, yet.
The chemistry of helium is likely the least voluminous for any of
the elements between hydrogen and iron even in controlled laboratory conditions. However, helium will make complexes and form
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some bonds. Helium cationic clusters have been predicted, Hem Hn +
clusters have been synthesized, dication complexes observed and
even hydrogen-like replacement structures analysed (Frenking &
Cremer 1990; Roth, Dopfer & Maier 2001; Grandinetti 2004; Savic
et al. 2015; Zicler et al. 2016). In all cases, the issue is that the
helium cation binding in any of these complexes is relatively weak
making long-lifetime molecules and high enough abundances for
observable interstellar spectra of such chemical combinations quite
unlikely.
Like unto helium, neon is reluctant to form bonds. There is little
surprise here due to the high ionization potentials and relatively poor
polarizabilities in these smallest of noble gas compounds (Taylor
et al. 1989; Rice et al. 1991; Pauzat & Ellinger 2005, 2007; Pauzat
et al. 2009, 2013). Neonium (NeH+ ) has been well-characterized
(Ram, Bernath & Brault 1985; Matsushima et al. 1998; Gamallo,
Huarte-Larranaga & González 2013; Coxon & Hajigeorgiou 2016;
Koner et al. 2016), but it has yet to be conclusively observed in any
astrophysical environment. While the reaction of Ar+ with ubiquitous hydrogen gas leads to ArH+ and hydrogen atoms in the
ISM, the analogous reaction with neon will initially lead to neutral
neon atoms and ionized hydrogen gas (Theis, Morgan & Fortenberry 2015). More complicated neon structures beyond NeH+ have
been proposed and even synthesized, but few have bond strengths
in the covalent range (Frenking & Cremer 1990; Grandinetti 2011).
Notable exceptions include NeOH+ and NeCCH+ recently characterized theoretically at high level (Theis & Fortenberry 2016;
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